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INTRODUCTION
1
In 1954 Stork and co-workers introduced a new and
versatile method for the alkylation and acylation of carbonyl
compounds by way of their enamines (for nomenclature see page
1 in the Appendix). In the ensuing years the usefulness of
2 3 7
this reaction has been demonstrated. * * The interest in 
devising new methods for the formation of carbon-carbon bonds 
adjacent to a carbonyl function stems from the fact that there 
is a relative scarcity of reactions that will accomplish this 
fundamental synthetic operation. Enamines are now available 
through several synthetic routes of which the most common is 
the reaction of a carbonyl compound and a secondary amine with 
accompanying removal of water.
+
(1)
Because of their unusual polarization, enamines serve
as useful synthetic intermediates in a variety of chemical
reactions. The more notable of these reactions are alkylation
and acylation followed by hydrolysis to monosubstituted carbonyl
compounds, which are frequently more readily synthesized by this
A* 5 6
route than by conventional procedures. * *
The proposed mechanistic pathway involves initial for­
mation of the iminium salt followed by hydrolysis to the
- 1-
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monosubstituted ketone. This mechanism is supported by both
8 9






In a reaction sequence in which the creation of chiral
centers occurs under the influence of other such centers, the 
sequence usually results in asymmetric induction. When any 
optically active compound enters into a reaction which can 
proceed in opposite steric directions through chiral inter­
mediates, one of the two products is usually favored over the
other. The application of asymmetric induction has been well
10 11documented in the literature. ’
and asymmetric induction, it was anticipated that a combina­
tion of the two would provide an important synthetic route to 
optically active ketones. The ketone to be chosen as the sub­
strate had to be one which was symmetrical and also contained 
a large enough group so that the substituted ketone would not 
be in conformational equilibrium after removal of the amine 
moiety. Two available ketones which met the requirements were 
1-methyl-2,6-diphenyl-4-piperidone (V) and 4-_t-butylcyclohex- 
anone (X). The formation of optically active enamines from 
these ketones could be accomplished by allowing them to undergo 
reaction with optically active amines. The carbocyclic system 
was chosen due to the low reactivity of the heterocyclic system. 
In the carbocyclic system, the cyclohexene form of the enamine
In view of the importance of both enamine chemistry
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3has the carbon bearing the _t-butyl substituent asymmetric.
The configuration of this carbon is inverted by shifting the 
position of the double bond. Thus the reaction of 4-t^-butyl- 




If asymmetric induction did take place during the 
course of the reaction of the above diastereomeric enamines 
(a and b), it could be attributed to one of the following. 
First of all, the diastereomeric enamines could have been 
formed in different amounts during the course of the reac­
tion because of asymmetric induction. Thus an inequality in 
the amount of enantiomeric substituted ketones formed could 
result. The fact that the enamines (a and b) would be di- 
astereomeric could lead to a difference in the rate of reac­
tion with an electrophile of one over the other and again 
lead to induction of optical activity in the resulting sub­
stituted ketones. In either case, the presence of the _t- 
butyl group would lead to a conformationally homogeneous 
product. The need for a conformationally rigid product stems 
from the fact that once induction of optical activity has 
taken place the ketone product would assume the most favorable 
conformation. If a large enough group is present the pre­
ferred conformation can be predicted and the absolute configu­
ration can be determined. Although the presence of a smaller
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4group than t/butyl would indicate that optical induction had 
taken place, the smaller group would not yield as conforma­
tionally rigid a system as the t^-butyl group, and therefore 
the determination of the absolute configuration of the ketone 
would not be as easily accomplished. This thesis reports the 
results of an investigation of the induction of optical activity 
by the electrophilic reactions of the symmetrical substrate 
4-t-butylcyclohexanone and an asymmetric amine.
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5DISCUSSION AND RESULTS
The Stork reaction is a convenient route for the al­
kylation and acylation of ketones. Although the reaction of
ketones and aldehydes with amines has been known for many
12 13 14 1
years * ’ , it was not until 1954 that Stork and co-workers
showed that this type of reaction had general application for
the synthesis of mono- and disubstituted ketones. Conversion
of a ketone to an enamine intermediate resulted in activation
of a carbon alpha to an incipient carbonyl to electrophilic
attack. The enamine intermediate provides selectivity of
attack in that the alkylation of the enamine can be terminated
at the monoalkylated stage. Stork and co-workers^ have studied
enamine reactions in the carbocyclic series and found that this
reaction is a general and very useful method for the alkylation
of carbonyl compounds with electrophilic olefins.
Alkylation and Acylation of Heterocyclic Enamines
The reactions of heterocyclic enamines, prepared by 
the method of Stork\ have been studied only to a small degree 
involving even a smaller number of compounds; and it was 
anticipated that the reactions of heterocyclic enamines would 
possibly lead to a stereospecific synthetic pathway for the 
preparation of alkaloids. Kuehne^ has shown that the pyrroli­
dine enamine of l-methyl-4-piperidone (II) gives fairly good 
yields of mono- and disubstituted ketones provided that highly 
electrophilic reagents are used.
Exploratory experimentation into the reactions of the 
pyrrolidine enamine of l-methyl-4-piperidone (II) proved to be 
fruitless. This enamine II was used in an attempt to study the 
types of reactions that could be run on heterocyclic enamine
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
6systems. The morpholine enamine of l-methyl-4-piperidone
(III) was also prepared and when treated with electrophiles 
under the same conditions previously employed for the pyrroli­
dine enamine II similar mixtures were obtained. It was found 
that the morpholine enamine III had a greater stability to 
oxidation and hydrolysis than did the pyrrolidine enamine II, 
making it an easier compound with which to work. The above 
enamines were allowed to react with a number of electrophiles 
under varying conditions. The desired products from the 
enamine reactions were compounds having a single substituent 
introduced alpha to the ketone function; however, in the case 
of the two heterocyclic enamines above, the reaction was com­
plicated by attack at both the piperidone nitrogen and the 
enamine nitrogen.
Attempts were made to find a heterocyclic enamine that 
would undergo reaction in high yield and would also be con­
formationally homogeneous after reaction and hydrolysis had 
taken place. The morpholine enamine of 1-methyl-2,6-diphenyl- 
4-piperidone (IV) was prepared and allowed to react under a 
number of varying conditions with several different electro­
philic compounds. In all but one case the parent ketone V was 
recovered in 60% yield or more after hydrolysis. The reaction 
of acrylonitrile with this enamine did afford a mixture of 
starting material and product but the product was obtained in 
low yield. This reaction was run because acrylonitrile was 
not expected to undergo reaction with either of the two basic 
nitrogens in the enamine system.
Several conclusions can be drawn from the results ob­
tained. The reactivity of the pyrrolidine enamine II is 
greater than that of the morpholine enamine III in the case 
of l-methyl-4-piperidone. In both cases, however, alkylation
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7and acylation took place at more than one position in the 
molecule yielding inseparable mixtures and little or no in­
formation concerning the reactions of heterocyclic enamines.
The morpholine enamine of 1-methyl-2,6-diphenyl-4-piperidone
(IV) yielded primarily the parent ketone V as the major pro­
duct. This is not unexpected in view of the steric factors 
of the enamine. The phenyl groups in the 2 and 6 positions 
provide steric interference to attack of an electrophile at 
the enamine position, thus rendering the enamine unreactive.
The lack of reactivity of this enamine IV is also reflected 
in its stability, both in the pure and crude forms, to hydroly­
sis .
The most interesting reaction of the morpholine
enamine of 1-methyl-2,6-diphenyl-4-piperidone (IV) was that
16
with acrylonitrile. Fleming and Harley-Mason have investi­
gated the reaction of acrylonitrile with the pyrrolidine 
enamine of cyclohexanone and found that the enamine will 
undergo a 1,2-cycloaddition if the reaction is not run under 
reflux. The reaction, when conducted under reflux, gives the 
expected enamine type product. When the product of the 1,2- 
cycloaddition reaction was distilled, the reaction was reversed 
and yielded acrylonitrile and enamine. This would explain why 
the reactions of l-methyl-4-piperidone enamines with acrylo­
nitrile did not appear to give the anticipated products and 
also why the yield was so low with the sterically hindered 1- 
methyl-2,6-diphenyl-4-piperidone enamine IV. From the reac­
tions of the heterocyclic enamine systems it was concluded that 
a suitable substrate had not been found for a study of induction 
of optical activity in the heterocyclic series.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
8Alkylation of Carbocyclic Enamines
To remove the complicating factor of heterocyclic
nitrogen and also to have a system where analogies were
known, a substrate in the carbocyclic series was sought.
The ketone, 4-_t-butylcyclohexanone (X) was chosen because
it was the simplest, commercially available ketone that
would be conformationally homogeneous once alkylation and
hydrolysis had taken place. The reactions of cyclohexanone
17 3
enamines have been well documented in the literature ’ ,
but there is only one report of work involving 4-t^-butylcyclo-
18
hexanone (X) as the ketone substrate in enamine reactions.
This work will be discussed later.
The conformation of 2-alkyl-4-_t-butylcyclohexanones
had been studied and provides a useful means of predicting
the final conformation of the alkylated ketone products.
19Allinger and co-workers have found that there exist de­
formations in the cyclohexanone ring system when bulky 
groups, such as jt-butyl, are present and that the conforma­
tion of the system is not a clearly defined chair or boat.
20The work of Beard and Djerassi on the optical rotatory dis­
persion and conformational analysis of resolved 2-methyl-4- 
t-butylcyclohexanone also proved to be helpful in the assign­
ment of the absolute configuration of 2-substituted-4-_t-
20
butylcyclohexanones. Beard and Djerassi established the 
absolute configuration of both cis- and trans-2-methyl-4-t- 
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9The most readily evident property of dissymmetric
substances is their optical activity, that is to say, their
ability to absorb and refract right and left polarized light
21 22
to different extents. Van’t Hoff and LeBel related the 
phenomenon of optical rotation to the presence of asymmetri­
cally substituted carbon atoms in the molecule. It was 
realized that compounds could be optically active and contain 
no asymmetric atoms and that compounds containing more than 
one asymmetric center may not be obtained optically active.
There now exists a problem of definition which, by going back
11to the work of Pasteur , can be clarified. Pasteur^s idea 
was that optical activity is a consequence of molecular dis­
symmetry, and that for a molecule to exhibit optical activity, 
it is necessary and sufficient for the molecule not to be 
superimposable on its mirror image. It now stands that asym­
metry is a sufficient condition for the existence of enan- 
tiomers, but it is not the necessary and sufficient condition; 
another term is needed for that.
"The necessary and sufficient condition is 
that reflection in a plane converts the model into 
a nonidentical one, that is one which cannot be 
superposed on the original by translations and rota­
tions only. The model then has two nonidentical 
forms, inter-related by a reflection, that is, two 
enantiomeric forms: it has the topological property
of handedness. Its possibilities of symmetry are 
much restricted; but they are not eliminated. A 
model which has no element of symmetry except at 
most axes of rotation may be called chiral. Thus 
chirality expresses the necessary and sufficient 
condition for the existence of enantiomers.
Chirality means handedness, and, in our context, topo­
logical handedness."
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
10
By the definition set for an optically active compound 
it is necessary to differentiate between enantiomers according 
to the handedness of the individual enantiomer. Of the many 
methods available for ascertaining this difference the most 
common are those through the use of optical rotatory disper­
sion and circular dichroism.
When a reaction is conducted on a compound containing
a chiral center, which can lead to the creation of a new
chiral center, two diastereomers are always possible. Of the
two diastereomers, one is usually favored over the other,
whether the starting material was resolved or a dl pair. The
presence of the original chiral center influences the stability
of the diastereomeric forms of the transition states in going
from starting material to products, and it is this difference
in energy of activation that dictates which of the two di-
24
astereomers will be formed in predominance. The degree to 
which asymmetry will be induced at the new center will depend 
on the difference in the activation energy of the two possible 
transition states. This in turn can be related to the proximity 
of the original chiral center to the one being created.
One of the most important contributions to the field of
25enamine chemistry arose from the work of Johnson and Malhotra 
and can be summarized by the following rule: in cyclohexyli-
dine and cyclohexenyl systems, the strain is most easily 
relieved by conformational inversion which places the R' sub­
stituent in the axial position. In allylic systems the R' sub­
stituent (CR2=C-CR'H- or CH=CR-CR'H) is at least as large as 
methyl. This rule was deduced from studies of the stereo­
chemistry of enamines, iminium salts and enolate anions of 
simple cyclic ketones. Johnson stated that the rule should be 
particularly useful as it also applies to systems in which one 
or more of the carbon atoms of the allylic skeleton have been
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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replaced by oxygen, nitrogen and other atoms. He has
called such systems pseudoallylic.
When electrophilic attack takes place on a double bond
system which is conformationally rigid, for instance, the
27
attack of bromine on cholesterol (XII), the product is not
only that of trans addition, but also the product of addition
28
by a trans diaxial route XIII. Where enamine systems are
concerned, the mode of attack of an electrophile is such as to
give an axial substituent alpha to the ketone function once
the amine moiety has been hydrolyzed. The work of Schaefer 
29
and Weinberg has demonstrated that when attempts were made 
to deuterate 4-t:-butylcyclohexanone (X) through its correspond­
ing morpholine enamine XIV, the dideutero derivative XVI with 
axial deuterium atoms in the 2- and 6-positions was obtained 
in high yield, but the tetradeutero compound was formed only 
in low yield and with difficulty. This work illustrated that 
the incoming electrophile attacks along a route that will lead
to the less stable or trans configuration in this case. The
18
work of Karady and co-workers has shown that alkylation of 
the pyrrolidine enamine of 4-_t-butylcyclohexanone with electro­
philic compounds gave trans products. The hydrolysis procedure, 
however, determined whether the new substituent was axial or 
equatorial. If the hydrolysis was carried out under nonepi- 
merizing conditions, the less stable trans configuration was 
obtained, and if epimerizing conditions were employed, the 
more stable cis configuration of the product resulted.























(CH3)3c ^ 7 1 V D
3'3
XVI
Risaliti et al. have examined the reaction of the
morpholine enamine of cyclohexanone with electrophiles possess -
30
ing large steric requirements. It was found that the morpho­
line enamine of cyclohexanone will react with p-nitrostyrene 
to give only the isomer having the erythro configuration. The 
steric requirements of the electrophile govern the course of 
this reaction and x-ray analysis has established that the 
cyclohexanone ring is in a chair conformation, and that the 2- 
substituent is equatorially oriented. The proposed mechanism
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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is shown in equation (5). The substituted enamine has been 








On the basis of the work presented in the literature, 
it was predicted that induction of optical activity could be 
accomplished through the reaction of an enamine with an electro­
phile provided an optically active amine moiety was properly 
chosen. The most desirable optically active amine would be 
one in which there was a bulky alkyl group adjacent to the 
amine nitrogen. The presence of this chiral center could cause 
the induction of optical activity into the ketone substrate in
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
14
a number of ways. First of all, if the alkyl group were 
large enough, it could prevent rotation of the amine about 
the carbon-nitrogen bond; in this way the effect of the 
proximity of the original chiral center would be the greatest 
with respect to the center being formed. The presence of the 
alkyl group adjacent to nitrogen could als,o influence which 
of the diasteromeric enamines would be formed, or the ratio 
in which they were formed. One of the two enamines might be 
formed exclusively or in predominance over the other because 
of the alkyl group next to nitrogen. In the same light, if 
two enamines were formed in equal amounts, they would be 
diastereomers and their reactivity towards electrophilic 
attack would be different. The above possibilities would 
all lead to some induction of optical activity in the ketone 
substrate. As a result of the above, the following type of 
reaction was expected:
C (CH3)3 
R* + R '
+
N




Preparation of Optically Active Amines
One of the most important problems now was to find 
optically active, secondary amines for the synthesis of opti­
cally active enamines. The structure of the amine demanded 
the highest consideration in that although the most desirable 
amine was one with a bulky group adjacent to nitrogen, the
amine had to be reactive enough to form an enamine. The work
31of Lu and Blicke demonstrated that optically inactive men-
thone (XVIII) could be converted to 2-isopropyl-5-methyl-
31
hexamethylenimine (XX). By this procedure , optically
active 2-isopropyl-5-methylhexamethylenimine (XX) was prepared
by starting with 1-menthol (XXI). It has been shown by 
32Kenyon that the normal Beckmann rearrangement proceeds with 
retention of configuration of the migrating group. The re­
arrangement conditions for 1-menthone oxime (XVIII) were treated 
with concentrated sulphuric acid at a temperature of 102-105° for 
1 hr to give XIX. The lithium aluminum hydride reduction of the 
lactam XIX should have no effect on the configuration of the 
optically active center adjacent to nitrogen. The reaction 
sequence in equation (8) shows the results expected from pre­
viously reported Beckmann rearrangements.
(7)
3 2 0 (CH3)2 J o h  (CH3)2 | -O (CH3)2
XVII XVIII XIX (+)-XX






:h .CH 3 NOH CH
XX XIX XVIII
The overall reaction sequence should lead to 2 (S)-isopropyl-
5 (R)-methylhexaraethylenimine (XX) according to the reported
33 34
retention of configuration in the Beckmann rearrangement. 5
A second amine which would appear to meet the require­
ments for the proposed study was coniine (XXII). The resolu­
tion was accomplished using d-10-camphorsulfonic acid, and the 
diastereomeric salts were obtained in 87% optical purity. Un­
fortunately, the free amine proved to be difficult to handle
because it darkens and polymerizes on exposure to light and
. 36,37
air.
The synthesis of S-prolinol (XXVI) has been reported
3 8
in the literature by Buyle using L-glutamic acid (XXIII) as 
starting material. Although S-prolinol (XXVI) was obtained in 
high yield, attempts to prepare an enamine resulted only in 
formation of amino ether XXIX. The formation of amino ethers
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
17
by the reaction of an amino alcohol and a ketone has been
39
documented by Bergmann and Kaluszyner using a variety of 
ketones and amino alcohols. In the case of the amino ether 
XXIX the infrared spectrum (see Fig. 21) gave no indication 
of the presence of alcohol, ketone or enamine. The nmr spec­
trum gave no indication of enamine but did give a broad 
doublet with further splitting (2H) at 3.82 ppm indicative 
of protons (a), an unresolved multiplet (1H) at 3.26 ppm 
indicative of proton (b), a broad multiplet (2H) at 2.74 ppm 
indicative of protons (c) and a singlet (9H) at 0.89 ppm 
indicative of protons (d).
XXIX
H00C-CHo-CHo-CH-C00H -> CoH r00C-CHo-CHo-CH-C00CoH r ■*
H
XXIII XXIV XXV
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It must be pointed out that previous work in the field of 
pyrrolidine and piperidine chemistry has illustrated that 





c h 2o h *












It has been shown by Fuson and Zirkle that when the above
pyrrolidine salt XXX is converted to the free amine the re-
41arrangement takes place rapidly. Reitsema has shown that 









41According to Reitsema , the reaction is facilitated by proper
choice of the amine employed. It was realized that there was
a possibility of obtaining the ring enlarging rearrangement 
40noted by Fuson when 2-chloromethylpyrrolidine hydrochloride 
(XXVII) was reduced with lithium aluminum hydride. There was 
also a possibility that if the rearrangement occurred, it
would take place twice with retention of configuration as was
42 42
observed by Hammer. The results observed by Hammer are
as follows:
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
19
(12)
XXXV XXXVI XXXVII XXXVIII XXXV
The above reaction sequence, elucidated by chemical, kinetic
and optical rotatory dispersion methods, took place with 85-
42
100% retention of configuration. It was therefore con­
cluded that the optically active 2-methylpyrrolidine (XXVIII) 
obtained from the lithium aluminum hydride reduction of 2- 
chloromethylpyrrolidine hydrochloride (XXVII) was of the R 
configuration.
The final amine (S)-N,a-dimethyl phenethylamine (XLIV) 
was obtained from the hydrochloride, which was commercially 
available, by treating an aqueous solution of the salt with 
sodium hydroxide.
It was anticipated that the amines prepared would give 
the following results. The seven-membered amine 'should give 
the highest degree of optical activity since it contained the 
largest group adjacent to the amine nitrogen; the five-membered 
ring amine next, and the open chain amine the lowest degree of 
induction. This order should also be followed if the amount 
of rotation about the carbon-nitrogen bond has a high degree 
of importance in the induction process. This last prediction 
was made from an examination of space-filling models.
The predictions that had been made all seemed to point 
to a plausible study. In order to test the usefulness of 4- 
j:-butylcyclohexanone (X) as a substrate for the proposed study 
the morpholine enamine of 4-t>butylcyclohexanone (XIV) was 
prepared. The infrared spectrum (see Fig. 22) indicated the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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-1
enamine carbon-carbon stretching vibration at 1640 cm 
The nmr spectrum gave a triplet (1H) at 4.59 ppm indicative 
of the enamine vinyl proton, a triplet (4H) at 3.75 ppm indi­
cative of the protons on the carbons adjacent to oxygen, a 
multiplet (4H) at 2.79 ppm indicative of the protons on the 
carbons adjacent to nitrogen, and a singlet (9H) at 0.89 ppm 
indicative of the t^-butyl group. The morpholine enamine XIV 
was allowed to react with acrylonitrile under the conditions
i
specified by Stork to yield 75% of 2-(p-cyanoethyl)-4-_t-butyl- 
cyclohexanone (XXXIX)(see Fig. 14). The infrared spectrum
(see Fig. 23) indicated the presence of a cyano group at 2250
-1 -1cm and a ketone function at 1710 cm . The nmr spectrum
gave a broad multiplet (2H) at 2.75 ppm indicative of the pro­
tons next to the cyano group and a singlet (9H) at 0.84 ppm 
indicative of the jt-butyl group.
cyclohexanone (XIV) with acrylonitrile was also conducted 
under the conditions specified by Fleming and Harley-Mason^ 
and yielded 82%, of 1-(N-morpholino)-4-_t-butyl-8-cyano-bicyclo- 
[4: 2:0]octane hydrochloride (XL). The infrared spectrum
The reaction of the morpholine enamine of 4-_t-butyl-
(13)
XIV
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(see Fig. 24) gave no indication of the presence of a ketone
_1
or an enamine but did give a broad band at 2900 cm indica­
ting the hydrochloride and a peak at 2250 cm indicative of 
the cyano group. The nmr spectrum gave no indication of the 
presence of enamine but did give a broad multiplet (4H) at
4.4 ppm indicative of the protons on the carbons adjacent to 
oxygen, a broad singlet (4H) at 3.17 ppm indicative of the 
protons on the carbons adjacent to nitrogen, and a singlet (9H) 
at 0.89 ppm indicative of the _t-butyl group.
The enamine XIV was also allowed to react with benzyl 
bromide to give the desired 2-benzyl-4-_t-butylcyclohexanone 
(XII) in 687, yield. The infrared spectrum (see Fig. 25) indi­
cated the compound contained a carbonyl by absorption of
-1 . -1ketone at 1710 cm , aromatic CH by absorption at 303 cm ,
and aromatic carbon-carbon bands by absorption at 1500, 1600, 
780 and 710 cm The nmr spectrum gave a singlet (5H) at 6.97 
ppm indicative of the aromatic protons, a doublet (2H) at 3.19 
ppm indicative of the benzylic protons, and a singlet (9H) at
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0.81 ppm indicative of the t^-butyl group. With the results 
obtained from this carbocyclic enamine system it was concluded 
that a suitable ketonic substrate had been found for the study 
of optical induction.
In light of the results obtained with the morpholine 
enamine, IXV, the optically active 2 (S)-isopropyl~5(R)-methyl- 
hexamethylenimine enamine XIIV was prepared and had a specific 
rotation of +26°. The infrared spectrum (see Fig. 27) gave a 
band at 1620 cm indicative of the enamine carbon-carbon 
stretching vibration. The nmr spectrum gave a broad singlet 
(1H) at 4.25 ppm indicative of the enamine vinyl .proton and a 
multiplet centered at 0.89 ppm indicative of the isopropyl, 
methyl and t^-butyl groups.
The enamine XIIV was allowed to react with acrylo­
nitrile under the conditions specified by Stork^ and gave 
optically active 2-(p-cyanoethyl)-4-t,-butylcyclohexanone (XXXIX). 
The enamine was also allowed to react with benzyl bromide and 
allyl bromide under similar conditions, and again optically 
active ketones were obtained. The infrared spectra (see Fig. 
23,25) of 2-(p-cyanoethyl)- and 2-benzyl-4-jt-butylcyclohexanone 
(XXXXI) were identical with the spectra obtained for the opti­
cally inactive compounds. The infrared spectrum of 2-allyl-4- 
jt-butylcyclohexanone (XLII)(see Fig. 26), gave bands at 3010,
1650 and 920 cm ^ indicative of the -RCH=CH9 system and a band 
-1
at 1710 cm indicative of ketone. The nmr spectrum gave a 
multiplet (1H) at 5.71 ppm indicative of proton (a), a multiplet 
(2H) at 4.86 ppm indicative of protons (b) and a singlet (9H) 
at 0.74 ppm indicative of the J;-butyl group.
9-CH=CH 
l ^ J  (a) (b) 
c ( c h 3 ) 3
XLII





XLIV 4- A ----^
A = PhCH2Br
c h2=c h c n
CH2-CHCH2Br
There have been several reports of syntheses of opti­
cally active enamines obtained from optically active amino
4 3 44 45
acids and dimedone. * * The reactions of these enamines
or vinylogous amides, as they are called, have not been studied. 
This study is the first one involving the reactions of opti­
cally active enamines with electrophiles to yield optically 
active ketones as products.
The 2(R)-methylpyrrolidine (XXVIII) was synthesized 
from L-(+)-glutamic acid (XXIII) and was allowed to react with 
4-jt-butylcyclohexanone (X) to yield the corresponding enamine 
XIV with a specific rotation of +12°. The infrared spectrum 
(see Fig. 28) gave a band at 1625 cm indicative of the 
enamine carbon-carbon stretching vibration. The nmr spectrum 
gave a broad singlet (1H) at 4.3 ppm indicative of the enamine 





c h 2c h 2cn XXXIX
CH2CH=CH XLII
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_t-butyl group, and a doublet (3H) at 0.88 ppm indicative of 
the methyl group. The enamine XLV proved to be difficult 
to synthesize in high yield because of the low boiling point 
of the amine. The amine also co-distills with water causing 
loss of amine during the course of enamine formation.
The enamine XLV was allowed to react with benzyl 
bromide under the previously employed conditions and optically 
active 2-benzyl-4-_t-butylcyclohexanone (XLI) was obtained.
The specific rotation of XLI was -7.35°, indicating that the 
XLI of the same absolute configuration was being formed from 
both enamines. The infrared spectrum (see Fig. 25) and the 
nmr spectrum were identical to those previously obtained.
O - - .t
H
XXVIII
XLV + PhCH2Br — * -- ► XLI
The commercially available (S)-N,a-dimethyl phenethyl- 
amine (XLIX) was allowed to react with 4-jt-butylcyclohexanone (X) 
to give the corresponding enamine XLVI with a specific rotation 
of +46°. The infrared spectrum (see Fig. 29) gave a band at 
1630 cm indicative of the enamine carbon-carbon stretching 
vibration, a band at 3030 cm ^ indicative of aromatic C-H, and 
bands at 1500, 1600, and 790 cm-1 indicative of the aromatic 
ring. The nmr spectrum gave a multiplet (5H) at 6.95 ppm in­
dicative of the aromatic protons, a broad singlet (1H) at 4.31 
ppm indicative of the enamine vinyl proton, a singlet (3H) at 
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indicative of the t^-butyl group. The enamine XLVI was allowed 
to react with acrylonitrile, benzyl bromide and allyl bromide 
to yield optically active ketones with corresponding specific 
rotations of +3.0°, +1.9° and +1.7°. These ketones were thus 
of the opposite absolute configuration to those formed from 
enamines XLIV and XLV. The infrared spectra (see Fig. 23,25,26) 













Ph-CHL-C-CH., z | J
N-CH3
c (c h3).




c h2=c h c n
CH2=CHCH2Br
R' = PhCH, XLI
c h2c h2c n XXXIX 
CH2CH=CH2 XLII
The highest degree of optical activity in the mono­
substituted ketones synthesized was obtained from the 2 (S)-iso- 
propyl-5 (R) -methylhexamethylenimine enamine (XLIV). In this 
compound, the isopropyl group in the 2-position of the amine
moiety will influence the approach of the incoming alkyl group.
25
The work of Johnson and also the work of Karady and co- 
18workers illustrates the fact that the initial electrophilic 
attack on an enamine will yield an axial product after hydroly­
sis, providing the hydrolysis conditions are nonepimerizing.
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It was determined that the conditions, which are considered
normal by Stork'*', would lead to epimerization of the 2-alkyl
substituent during the hydrolysis procedure. A sample of 2-
benzyl-4-t^-butylcyclohexanone (XLI), obtained from alkylation
of an optically active enamine XLIX, was heated under reflux
with morpholine, methanol and water for twenty-four hours
20without any change in rotation. The work of Djerassi and 
also the work of Karady showed that when trans-2-substi- 
tuted-4-J^-butylcyclohexanones were epimerized, they isomerize 
to the more stable cis-configuration. The presence of the 
alkyl group adjacent to the nitrogen in the amine moiety of 
an optically active enamine can direct the course of optical 
induction in the following ways. Two diastereomeric enamines 
can be formed during the course of the reaction of ketone with 
the optically active amine and the way in which the alkyl group 
in the amine is involved can be in the formation process causing 
one of the enamines to be more stable and therefore present in 
large concentration in the equilibrium mixture. Another way 
would be by causing the two enamine species to react at dif­
ferent rates even though they were formed in equal amounts.
This second way would be a kinetic induction of optical activity. 
If there were no steric or kinetic factors involved, there would 
be no preferential reaction of the electrophile with one or the 
other of the two diastereomeric enamines. This can be illus­
trated by the reactions of the morpholine enamine of 4-t^-butyl- 
cyclohexanone in which there is no asymmetric induction during 
the course of alkylation.
Because optical activity was induced into the originally 
symmetrical 4-jt-butylcyclohexanone substrate, it was possible 
to correlate the results with the structure of the amines. The 
size of the alkyl group adjacent to the nitrogen could be con­
sidered to be the controlling factor in the reaction and the 
results obtained would fall in line with those predicted. The
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observed order of induction, from highest to lowest, was 
2-(S)-isopropyl-5(R) -methylhexamethylenimine 2 (R)-methyl-
pyrrolidine (S) -N,a-dimethyl phenethylamine. The steric 
factors could govern the reaction by steric approach control 
with respect to the attacking electrophile. As the size of 
the alkyl group decreased, so did the optical activity in the 
substituted ketones obtained. The size of the group adjacent 
to nitrogen in the seven-membered ring enamine would be the 
largest of the amines studied and the fact that the ring sys­
tem would hold the asymmetric center in some conformation 
relative to the double bond system would be true both in the 
seven-membered amine and also in the five-membered ring amine. 
In the open chain system, on the other hand, although there 
would still be a preferred conformation of the amine moiety 
with respect to the double bond system, the group adjacent to 
nitrogen is not in a fixed conformation since it is in an open 
chain. The effect of the open chain amine would therefore not 
be as great as the effect encountered with the cyclic amines. 
The extent of the influence of the alkyl group adjacent to 
nitrogen can be seen in the degree of optical induction ob­
tained.
The determination of the absolute configuration of 
the 2-substituted-4-jt-butylcyclohexanones would allow postu­
lation of an empirical relationship for asymmetric induction 
since the absolute configuration of the three amines is known. 
This determination was made by circular dichroism measurements.
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Assignment of the Absolute Configuration of 2-Substituted-4- 
t-Butylcyclohexanones by Circular Dichroism
The use of circular dichroism as a tool for the eluci­
dation of structural features in organic chemistry is rela­
tively new. There are several explanations of the fundamentals
43 44
and techniques given in the literature. ’
Optical activity can be determined through the use of 
several techniques and among these are optical rotatory dis­
persion and circular dichroism. In circular dichroism, the 
small differences in the molar extinction coefficients of the 
circularly polarized components of plane-polarized light are 
measured. The observed small differences in the molar extinc­
tion coefficients can be related to the molecular ellipticity 
by the following equation:
-AL. x 3300 = [0]
C
where [0] represents the molecular ellipticity. The circular 
dichroism curve obtained from an optically active compound 
exhibits a maximum or minimum which corresponds to the ultra­
violet maximum, but unlike the ultraviolet maximum, the circu­
lar dichroism maximum has an algebraic sign. The sign of the 
circular dichroism curve corresponds to the sign of the Cotton 
effect that would be obtained from an optical rotatory dis­
persion „curve.
Circular dichroism curves were determined for the 
products obtained from the alkylation of the optically active 
enamines with the following results. The three ketones syn­
thesized from the 2(S)-isopropyl-5(R)-methylhexamethylenimine
enamine (XLIV) of 4-t-butylcyclohexanone all gave negative
. 20
circular dichroism curves. The work of Beard and Djerassi 
on the determination of the absolute configuration of resolved 
optically active 2-methyl-4-_t-butylcyclohexanone has been used
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as the basis for the assignment of the absolute configuration
20
in the present case. These authors found that cis-2-methyl-
4-£-butylcyclohexanone showed a small negative Cotton effect
in the 2(R) -methyl-4(R) -_t-butylcyclohexanone configuration.
The absolute configurations of the 2-methyl-4-_t-butylcyclo-
20hexanones were proved by Djerassi and co-workers by quanti­
tative comparison of the optical rotatory dispersion molecular 
amplitude contributions of axially oriented 2-methylcyclohex- 
anones. It has already been determined that the products 
obtained from the alkylation of the optically active enamines 
had undergone epimerization to the more stable cis-configura- 
tion during the hydrolysis procedure employed. The comparison 
used for the assignment of the probable absolute configurations 
was drawn from the equilibrium curves obtained for 2-methyl-4- 
_t-butylcyclohexanone. In the case of the ketones obtained from 
the 2(S)-isopropyl-5(R)-methylhexamethylenimine enamine (XLIV) 
of 4-_t-butylcyclohexanone, negative circular dichroism curves 
were obtained for XXXIX, XLI and XLII and these ketones must 
have the same configuration as the 2 (R) -methyl-4(R)-jt-butyl- 
cyclohexanone.
Thus the mode of attack of the entering electrophile on the 
enamine substrate would have been as shown in A, yielding the 
trans isomer.
R = PhCH2(S) XLI 
c h 2c h 2c n (r ) XXXIX 
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The 2-benzyl-4-t-butylcyclohexanone (XLI) obtained 
from the alkylation of the 2 (R)-methylpyrrolidine enamine of 
4-_t-butylcyclohexanone (XLV) would have the same configuration 
as that from the enamine XLIV, that is of the S configuration 
at the 2-carbon. The mode of attack would again be through 
pathway (A) (equation 19).
The (S)-N,a-dimethyl phene thy lamine enamine XLVI of 
4-_t-butylcyclohexanone was allowed to react with three electro- 
philic compounds and yielded two ketones with positive circular 
dichroism curves and one with a negative circular dichroism 
curve. Using the same analogy as above, the ketone products 
will have the following probable absolute configurations:
R = PhCH2 XLI (2R)
c h2c h 2c n XXXIX (2S)
R---
R = CH2CH=CH2 XLII (2R)
The mode of attack of the entering electrophile on the enamine 
substrate would, in this case, have been as shown in B, again 
yielding the trans isomer.
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This pathway (B) (equation 20) would be obtained for the benzyl- 
and the (p-cyanoethyl) ketones, and attack as shown in pathway 
(A) (equation 19) would account for the product obtained from 
the allyl bromide reaction.
It is now possible to correlate the results obtained 
with the structure of the amines used in the preparation of 
the optically active enamines. A consideration of the steric 
factors involved in the amine system can be made by arbitrarily 
placing the optically active centers adjacent to nitrogen as 
shown in structures a, b and c. It has been found that amines 
XX and XXVIII give rise to enamines which react with electro- 
philes to yield ketones with the same absolute configurations 
as shown in equation 19. A representation of the steric 
arrangement in these compounds can be arrived at by using a 
large (L) , medium (M) and small(S) relationship for the groups 
around nitrogen. This arrangement was arrived at by looking 
down the nitrogen-hydrogen bond and taking the groups around 
nitrogen with the priority large, medium, small. In amine XX 
the isopropyl group is (L), the methylene group (at the 7 
position) (M) and hydrogen (2 position) (S), thus giving a 
counterclockwise orientation. By the same analogy, amine 
XXVIII will also have a counterclockwise orientation. It was 
found that amine XLIX gave rise to enamines which reacted with 
electrophiles to yield two ketones with the absolute configu­
ration shown in equation 20 and one ketone with the absolute 
configuration shown in equation 19. The arrangement of the 
groups around nitrogen in amine XLIX is shown in (c) and gives 
a clockwise orientation. In the case of the 2-allyl-4-_t-butyl- 
cyclohexanone prepared using amine XLIX, it appears that the 
mode of attack of the electrophile gives rise to an anomaly 
with respect to the other ketones obtained. The rotation of 
the 2-allyl-4-_t-butylcyclohexanone obtained from both amine XX
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and amine XLIX was lower than that expected and it is possible 
that the attack of allyl bromide on the enamine occurs, initially, 
at the enamine nitrogen and then undergoes rearrangement to the 
reactive enamine carbon. This type of reaction would give rise 
to the low observed rotation and also the anomalous absolute 
configuration that was obtained. The results indicate that 
when a counterclockwise orientation of the groups adjacent to 
nitrogen, in an optically active amine, is used in the prepara­
tion of an optically active enamine, the product of alkylation 
of the enamine will have the absolute configuration indicated 
in equation 19j when the amine employed is of a clockwise orien­
tation, the ketone product will be of the absolute configuration 
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CONCLUSIONS
The alkylation of the optically active enamines of 
4-t>butylcyclohexanone gave, as products, optically active 
2-substituted ketones. It was noticed that the degree of 
optical activity induced decreased as there was a decrease 
in size of the alkyl group adjacent to nitrogen in the amine 
moiety. For instance, in decreasing order the groups were 
isopropyl attached to methylene, methyl attached to methylene, 
and methyl. This can be rationalized in two ways. First of 
all, the size of the group adjacent to nitrogen influences 
the barrier to rotation about the carbon nitrogen bond and 
therefore the degree of influence the original chiral center 
will have on the center being formed; and second, the size of 
this group will influence the proportion of the two enamines 
formed. These factors fall in line with predictions made from 
an examination of space-filling models and also with the ex­
perimental results.
The question of the transition state through which 
optical induction takes place has not been ascertained during 
the course of this study. The suggested pathways, A and B, 
are an indication of the direction of reaction that must take 
place in order to give the product with the absolute configu­
rations indicated by the circular dichroism curves. The circu­
lar dichroism curves suggest that the equilibrium mixture run 
is of two diastereomeric products and this could only arise 
from two different enamine species. The postulate that there 
were two types of enamines formed in each reaction seems even 
more plausible from these experimental results. The problem 
of the composition of th£ enamines present or the rates of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
34
reaction of the individual enamines has not been determined.
The conclusion, based on the experimental results ob­
tained, is that now it is possible to predict not only that 
a ketone will undergo a selective reaction, through the cor­
responding enamine, to give a monosubstituted product but 
that the reaction can be carried out to give an optically 
active ketone with a predictable absolute configuration. The 
latter part of the statement will hold providing the amine 
moiety is carefully chosen. When the orientation of the 
groups adjacent to nitrogen is counterclockwise, the ketone 
product obtained should have the absolute configuration in­
dicated in equation 19; and if the orientation is clockwise, 
the absolute configuration should be that indicated in 
equation 20.




Melting Points. Melting points were determined using 
a Kofler hot stage melting point apparatus.
Infrared Absorption Spectra. The infrared spectra 
were determined using a Perkin-Elmer Model 137B Infracord 
spectrophotometer equipped with sodium chloride optics or a 
Perkin-Elmer Model 337 grating infrared spectrophotometer.
The spectra of liquids were determined as films and the
spectra of solids as double mulls in Halocarbon oil, from
-1 -1 -1 -1 
4000 cm to 1300 cm and in Nujol from 1300 cm to 650 cm
All spectra in the Appendix were determined using the Perkin-
Elmer Model 137B. The Halocarbon oil was from Halocarbon
Products Corp., Hackensack, N. J., and the Nujol was from
Plough, Inc., San Francisco, Calif.
Ultraviolet Absorption Spectra. The ultraviolet 
absorption spectra were determined using a Perkin-Elmer Model 
4000 spectracord recording spectrophotometer or using a Cary 
Model 15 recording spectrophotometer. The spectra determined
Q
using the Cary Model 15 are indicated by UV .
Nuclear Magnetic Resonance Spectra. The nuclear 
magnetic resonance spectra were determined using a Varian 
Model A-60 Spectrometer. Unless otherwise stated chemical 
shifts are reported as ppm values from TMS as an internal 
standard. Solvents are indicated with spectral data.
Optical Rotation Data. Optical rotations were 
determined using a Franz Schmidt and Haensch polarimeter with 
a sodium vapor lamp as the light source. The concentrations
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(g per 100 ml of solution) and the solvent are indicated for 
each measurement.
Elemental Analysis. Elemental analyses were deter­
mined by Weiler and Strauss Microanalytical Laboratory, Oxford, 
England, or with a F and M carbon, hydrogen and nitrogen analy­
zer Model 100. The microanalyses determined by Weiler and
W ' S
Strauss are indicated by "Found "; those determined using the
FMF and M are indicated by "Found " and are the average of two 
or more runs.
Circular Dichroism Curves. The circular dichroism 
curves were determined using a circular dichroism attachment 
for the Cary Model 14 recording spectrophotometer.
Synthesis of L-prolinol (XXVI)
A. To a slurry of 12.54 g (0.33 mole) of lithium aluminum 
hydride in 250 ml of anhydrous ether was added 13.65 g (0.13 
mole) of L-proline, in portions. After the addition of llg
of L-proline a complex formed and precipitated from the reaction
mixture. The remaining L-proline was added and the reaction was
heated under reflux for a period of 48 hr. The reaction mixture
was decomposed with a saturated solution of sodium hydroxide and
extracted with ether. The combined ether extracts were dried
and the ether was removed under reduced pressure. The residue
was distilled to yield 4.0 g (16%) of l-prolinol (XXVI), bp 104-
Zi.fi
105° at 20 mm; lit. bp 94° at 14 mm.
B. To 49 g (0.33 mole) of L-(+)-glutamic acid (XXIII) was 
added 200 ml of absolute ethanol saturated with hydrogen chrlo- 
ride gas. The reaction mixture was refluxed on a steam bath 
until solution was attained and 150 ml of absolute ethanol was 
added. The mixture was heated under reflux for 2 hr. The 
reaction mixture was concentrated under reduced pressure and
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200 ml of absolute ethanol was added and the mixture was 
heated under reflux for 2 hr. The reaction mixture was again 
concentrated under reduced pressure and on cooling the residue 
crystallized. The solid diethyl glutamate hydrochloride was 
taken up in 50 ml of distilled water and the mixture was 
cooled to 15° in an ice salt bath. Ether (150 ml) was added 
and the pH was adjusted to 9.4 with the temperature not ex­
ceeding 15°. The ether layer was separated and the aqueous 
portion extracted several times with 50 ml portions of ether. 
The ether extractions were combined, dried over magnesium 
sulfate and the ether removed under reduced pressure to yield 
crude diethyl glutamate^ ^  (XXIV).
The crude diethyl glutamate (XXIV) was heated in an 
oil bath to 160-170° at 15 mm pressure for a period of 30 
minutes. The remaining oil was distilled to yield 33 g (83%) 
of L-(-)-ethylpyroglutamate (XXV), bp 134-135° at 0.3 mm; 
lit. ^  bp 161° at 3 mm).
To a slurry of 21 g (0.55 mole) of lithium aluminum 
hydride in 250 ml of dry tetrahydrofuran was added dropwise,
33 g (0.21 mole) of ethyl pyroglutamate (XXV) in 50 ml of dry 
tetrahydrofuran. The reaction was heated under reflux for a 
period of 12 hr at which time the remaining lithium aluminum 
hydride was decomposed with a saturated sodium hydroxide solu­
tion. The reaction mixture was extracted several times with 
tetrahydrofuran and the solvent was removed under reduced 
pressure. The residue was distilled to yield 21.2 g (96.9%)
ll.fi
of l-prolinol (XXVI), bp 104-105° at 20 mm; lit. bp 94° at 
14 mm.
Synthesis of 2(R)-methylpyrrolidine (XXVIII)
To 30 g (0.29 mole) of l-prolinol (XXVI) in 50 ml of 
chloroform was added 71 g (0.60 mole)of thionyl chloride over
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a 7 hr period. The reaction was allowed to stir overnight at 
room temperature. The solvents were removed under reduced 
pressure and the remaining thionyl chloride was distilled with 
the aid of toluene. The remaining solid was taken up in 
methanol and precipitated with anhydrous ether. The solid was 
collected by filtration and used directly in the following 
reaction.
To a slurry of 12 g (0.32 mole) of lithium aluminum
hydride in 150 ml of anhydrous ether was added solid 2-chloro-
38
methyl pyrrolidine hydrochloride (XXVII) over a period of 3 
hr. The reaction mixture was heated under reflux for 24 hr and 
the remaining lithium aluminum hydride was decomposed with a 
saturated sodium hydroxide solution. The solid salts were 
collected by filtration and extracted several times with ether. 
The ether extracts were combined and dried, and the ether was 
removed under reduced pressure. The residue was distilled to 
yield 10.2 g (40%) of 2 (R)-methylpyrrolidine (XXVIII), bp 94- 
95°; lit.5 bp 93-96° at 730 mm, [a]23 D -11.5° (C 22.9, metha­
nol); lit.49 [a]22 D -11.97° (H20).
Preparation of Cinchonhydrine
To 10 g (0.03 mole) of cinchonine in an open beaker 
on a magnetically-stirred hot plate was added 32.7 ml of 48% 
hydrobromic acid solution. The reaction was allowed to stir 
for 64 hr at 43° and was then cooled. A 50%, solution of sodium 
hydroxide was added dropwise to the cooled solution. The solid 
which formed was collected by filtration, and 50% sodium hy­
droxide solution was added to the filtrate to precipitate the 
remaining product. The combined solids were suspended in hot 
water, and 25 ml of a 10% sodium hydroxide solution was added. 
The mixture was extracted several times with chloroform, and 
the chloroform was removed under reduced pressure. The residue
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was taken up in 200 ml of 85% ethanol and 5.1 g of silver 
nitrate in 10 ml of ethanol was added dropwise over a 2 hr 
period. The reaction mixture was heated under reflux for
1.5 hr at Which time it was cooled and acidified with dilute 
nitric acid. Excess sodium chloride was added to decompose 
any remaining silver nitrate. The reaction was filtered five 
times to remove all the silver chloride formed. Dilute 
potassium hydroxide was added to neutralize the reaction mix­
ture and a fLocculent precipitate formed. The reaction was 
extracted with ether, and the ether was dried over magnesium
sulfate and evaporated under reduced pressure to yield a solid
50 oproduct. The crude product, mp 237-248°; lit. m.p. 247°, 
was not purified further.
Resolution cf 2-propylpiperidine (XXII)
To 23.22 g (0.01 mole) of d-10-camphorsulfonic acid 
in 110 ml of ethanol was added 12.7 g (0.01 mole) of dl-2- 
propylpiperidine. The reaction was exothermic, and on cooling 
an oil precipitated. The reaction was magnetically stirred 
for 24 hr after which time the reaction mixture was concentra­
ted to 75 ml and 75 ml of hexane was added. The reaction mix­
ture was cooled in a Dry-Ice, acetone bath and a solid precipi­
tated. The solid was collected by filtration and was recrys­
tallized from a hot acetone-ether mixture. After four crys­
tallizations by this method, the melting point remained at 
23
88-89°, [a] D + 27° (C 20, ethanol). The salt was dissolved
in a minimum amount of water and neutralized with potassium
carbonate. The free amine was extracted into ether and dried
over potassium carbonate. The ether was removed under reduced
23
pressure to yield an oil [a] D +5.25° (C 10, ethanol), in­
dicating 26.5% optical purity. The salt was crystallized six
23
times from actone to give a melting point of 98°, [a] D
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+37° (£ 20, ethanol). The base was obtained as above; [a] D 
+17.3 (C 8, ethanol); lit.35 [a] D +19.8°, indicating 87.4% 
optical purity.
Preparation of dibenzalacetone
In an open beaker equipped with a mechanical stirrer 
were placed 2 liters of water, 200 g (5.00 moles) of sodium 
hydroxide and 1600 ml of 95% ethanol. A solution of 212.0 g 
(2.0 moles) of benzaldehyde in 58.0 g (1.0 mole) of acetone 
was prepared. The sodium hydroxide solution was cooled to 20° 
and half of the prepared mixture was added. A yellow precipi­
tate formed after 15 min, and at this time the remainder of 
the acetone solution was added. The reaction was stirred at 
20-25° for 1.5 hr. The resulting solid product was removed 
by filtration and washed with water. The solid was recrys­
tallized from ethyl acetate and allowed to dry in air to yield
52
222 g (94.9%) of dibenzalacetone, mp 110-110.5°; lit. mp 
110- 111°.
Preparation of 2 ,6-diphenyl-l-methyl-4-piperidone (V)
Methylamine was bubbled into a suspension of 20.0 g 
(0.086 mole) of dibenzalacetone in 200 ml of methanol until 
solution was effected. The quantity of methylamine dissolved 
was 8-10 g. This solution was allowed to stand for 48 hr at 
room temperature. Most of the solvent was removed under 
reduced pressure and the residual oil was taken up in 100 ml 
of ether. An equal amount of water was added to the etheral 
solution and on standing crystals were deposited at the inter­
face. The crude product, 18 g, was recrystallized from ethanol 
to yield 12.7 g (57%) of 2,6-diphenyl-l-methyl-4-piperidone (V), 
mp 151-152°; lit.53 mp 151-153°.
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Preparation of 2 (S)-isopropyl-5(R)-methylhexamethylenimine (XX)
To 120.0 g (0.403 mole) of sodium dichromate and 100.0 g
(1.020 mole, 54.3 ml) of sulfuric acid in 600 ml of water was
added 90.0 g (0.58 mole) of 1-menthol (XXI). The 1-menthol
(XXI) was added in portions while the reaction was stirred with
a magnetic stirrer. The reaction temperature rose to 55° and
when the temperature dropped, the reaction was complete. The
reaction mixture was extracted several times with ether and
the combined extracts were washed three times with 200 ml of a
57c sodium hydroxide solution. The ether was removed under
reduced pressure to yield 74 g of crude 1-menthone (XVII).
The crude product was distilled to yield 70 g (817,) of 1-
54
menthone (XVII), bp 205-206°; lit. bp 207°.
To 50 g (0.33 mole) of 1-menthone (XVII) and an excess 
of hydroxylamine hydrochloride in 50 ml of water was added hot 
methanol until solution was attained. Sodium acetate, 60 g 
(0.73 mole) was added, and the reaction was heated under reflux 
on a steam cone for 5-6 hr. The alcohol was removed under 
reduced pressure, and the oxime was extracted into ether. The 
ether was removed under reduced pressure, and the residue was 
distilled to yield 48.8 g ('92%) of 1-menthone oxime (XVIII) 
bp 153-155° (40mm); lit . 55 bp 250-251°.
To 60 ml of sulfuric acid in a 300 ml three-neck flask, 
equipped with magnetic stirrer, dropping funnel and thermometer, 
was added dropwise 38.0 g (0.23 mole) of 1-menthone oxime (XVII) 
at such a rate as to keep the temperature below 105°. After the 
addition was complete, the reaction was allowed to stir at 102° 
for 0.5 hr. The reaction mixture was cooled, poured over 
crushed ice, and neutralized with a 30% solution of sodium 
hydroxide. The brown solid that precipitated was removed by 
filtration and recrystallized from hexane to yield 28 g (747,)
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of 7-isopropyl-4-methyl-2-oxo-hexamethylenimine (XIX), mp 98- 
99°; lit. 31 mp 109-111° for the racemic compound, [a] 23 D 
-15.32° (C 20, methanol).
To a slurry of 1.20 g (0.32 mole) of lithium aluminum 
hydride in anhydrous ether was added, in portions, 38.0 g 
(0.32 mole) of 7-isopropyl-4-methyl-2-oxo-hexamethylenimine 
(XIX). The reaction was heated under reflux for a total of 
24 hr at which time the remaining lithium aluminum hydride was 
decomposed with a saturated solution of sodium hydroxide. The 
resulting solid salts were collected by filtration and extrac­
ted several times with ether. The ether portions were com­
bined and the solvent removed under reduced pressure. The 
residue was distilled to yield 32.9 g (93%) of 2 (S)-isopropyl-
5 (R)-methylhexamethylenimine (XX), bp 84-85° (15 mm) ; lit . 31
23
bp 84.5-85.5° (15 mm), [a] D +15.54 (C 6.419, ethanol).
Anal. Calcd for C qH2]N: C, 77.34; H, 13.63; N, 9.02.
FoundW S : C, 77.09; H, 13.36; N, 9.30. This compound was
further characterized as the hydrochloride, mp 147-148°; lit.'*' 
mp 149-149.5, [a] 23 D +7.5° (C 2.0, ethanol).
PREPARATION OF ENAMINES
l-Methyl-4-piperidone; pyrrolidine enamine (II)
To 63.0 g (0.56 mole) of l-methyl-4-piperidone (I), 
in 100 ml of benzene was added 71.0 g (1.0 mole) of pyrroli­
dine, and the reaction mixture was heated under reflux for 
24 hr. A total of 9.5 ml of water was collected. The solvent 
was removed under reduced pressure and the residue was distilled 
to yield 82 g (84%) of enamine II, bp 148-150° (10 mm); lit . 15 
bp 87-91° (0.2 mm). The infrared spectrum (see Fig. 30) gave
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a band at 1660 cm indicative of the enamine system.
l-Methyl-4-piperidone: morpholine enamine (III)
The morpholine enamine III was prepared by the above 
procedure yielding 12 ml of water and 89 g (88%) of enamine 
III, bp 173-175° (30 mm); lit . 56 132-135° (12 mm). The infra- 
red spectrum (see Fig. 31) gave a band at 1650 cm indicative 
of the enamine double bond system. The nmr spectrum gave a 
triplet (1H) at 4.47 ppm for the enamine vinyl proton, a 
multiplet (4H) at 3.59 ppm due to the protons adjacent to 
oxygen, a multiplet (4H) at 2.71 ppm indicative of the protons 
adjacent to nitrogen (amine moiety) and a singlet (3H) at 2.15 
ppm indicative of the -N-CH^ group.
1-Methyl-2,6-diphenyl-4-piperidone: morpholine enamine (IV)
To 13.2 g (0.050 mole) of 1-methyl-2,6-diphenyl-4- 
piperidone (V) was added 13.05 g (0.150 mole) of morpholine 
and 150 ml of benzene. The reaction mixture was heated under 
reflux for 24 hr to yield 1.4 ml of water. The solvent was 
removed under reduced pressure and attempts were made to dis­
till the enamine IV. The enamine was heated to 300° at 0.05 
mm but it did not distill. On cooling the residue crystallized 
to yield 15.41 g (93%) of IV, mp 66-67°. The infrared spectrum 
(see Fig. 32) gave a band at 1650 cm ^ indicative of the enamine 
unsaturated system and absorption at 3030, 1500. 1600, 760 and 
710 cm ^ indicative of the presence of an aromatic ring. The
nmr spectrum gave a multiplet (10H) at 7.38 ppm due to the
aromatic protons, a broad singlet (1H) at 4.49 ppm for the
enamine vinyl proton, a multiplet (4H) at 3.67 ppm due to the
protons adjacent to oxygen, a multiplet (4H) at 2.75 ppm in­
dicative of the protons adjacent to nitrogen (in the amine 
moiety) and a singlet (3H) at 1.89 ppm indicative of the -N-CH^
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group.
Cyclohexanone: morpholine enamine (VIII)
To 9.8 g (0.10 mole) of cyclohexanone (VII) was added 
21.6 g (0.30 mole) of morpholine and 150 ml of hexane. The 
reaction mixture was heated under reflux for 36 hr at which 
time 2.7 ml of water had been collected. The solvent was 
removed under reduced pressure, and the residue was distilled 
to yield 14.53 g (87%>) of enamine VIII, bp 103-106° (12 mm); 
lit} bp 104-106° (12 mm).
4-t^-Butylcyclohexanone: morpholine enamine (XIV)
To 7.45 g (0.05 mole) of 4-t^-butylcyclohexanone (X) 
in 100 ml of benzene was added 13.05 g (0.15 mole) of morpho­
line. The reaction mixture was heated under reflux for 48 hr 
at which time the solvent was removed under reduced pressure.
As the reaction mixture was concentrated, a solid was formed 
and was collected by filtration. The solid was purified by 
sublimation to yield 10.2 g (91%) of enamine XIV, mp 42-43°.
The infrared spectrum (see Fig. 22) gave a band at 
1640 cm  ^ indicative of the enamine conjugated system. The 
nmr spectrum gave a triplet (1H) at 4.59 ppm indicative of 
the enamine vinyl proton, a triplet (4H) at 3.75 ppm indica­
tive of the protons adjacent to oxygen, a multiplet (4H) at 2.79 
ppm indicative of the protons adjacent to nitrogen and a sing­
let (9H) at 0.89 ppm indicative of the t^-butyl group.
Anal. Calcd for C^H^ N O :  C, 75.28; H, 11.28; N, 6.27.
Found^: C, 74.95; H, 10. N, 6.11.
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4-j^-Butylcyclohexanone: 2(S)-isopropyl-5(R)-methylhexamethyl-
en inline enamine (XL IV)
To 5.0 g (0.032 mole) of 4-_t-butylcyclohexanone (X) in
50 ml of benzene was added 14 g (0.09 mole) of 2(S)-isopropyl-
5 (R)-methylhexamethylenimine (XX). The reaction mixture was
heated under reflux for 24 hr and yielded 1.1 ml of water. The
solvent was removed under reduced pressure and the residue was
distilled to yield 8 .6 g (92%) of enamine XLIV, bp 135-137°
23
(0.4 mm), [a] D 26.06° (C 10.14, ethanol). The infrared 
spectrum (see Fig. 27) showed the presence of the enamine un­
saturated system by a band at 1620 cm \  The nmr spectrum gave 
a broad singlet (1H) at 4.25 ppm indicative of the enamine 
vinyl proton, and a multiplet centered at 0.89 ppm indicative 
of the isopropyl, methyl and t-butyl groups.
Anal. Calcd for C9nHo7N: C, 82.40; H, 12.80; N, 4.80.
FM
Found : C, 82.45; H, 12.00; N, 4.89.
4-_t-Butylcyclohexanone: 2(R)-methylpyrrolidine enamine (XIV)
To 15.2 g (0.20 mole) of 4-jt-butylcyclohexanone (X) 
were added 9.7 g (0.12 mole) of 2-methylpyrrolidine and 150 
ml of benzene. The reaction mixture was heated under reflux 
for 36 hr and 3.2 ml of water was collected. The solvent was 
removed by distillation at atmospheric pressure, and the 
residue was distilled at 104-105° at 0 .6 mm, to yield 17.2 g 
(65%) of XIV, [a]^ D +12.61 (C 16.66, ethanol). The infra­
red spectrum (see Fig. 28) gave a band at 1625 cm  ^ indica­
tive of the enamine double bond system. The nmr spectrum gave 
a broad singlet (1H) at 4.3 ppm indicative of the enamine 
vinyl proton, a singlet (9H) at 0.93 ppm indicative of the t- 
butyl group.
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Anal. Calcd for C N: C, 81.37; H, 12.30; N, 6.33.
Found : C, 81.29; H, 12.20; N, 6.75.
4-t-Butylcyclohexanone: prolinol enamine (XXIX)
To 15.4 g (0.10 mole) of 4-t^-butylcyclohexanone (X) 
was added 13.1 g (0.13 mole) of 1-prolinol (XXVI) and 150 ml 
of benzene. The reaction mixture immediately turned cloudy 
and was heated under reflux for 6 hr to yield 2.8 ml of water. 
The solvent was removed under reduced pressure, and the residue 
was distilled to yield 22.8 g (96%) of the aminoether XXIX, 
bp 105-106° at 0.3 mm. There was no evidence for the forma­
tion of any enamine during the course of this reaction; the 
only product isolated was spiro (pyrrolidinyl (3:4c) oxazole 
2,1-4-t-butylcyclohexane)(XXIX), which on standing solidified, 
mp 69-70°. The infrared spectrum (see Fig. 21) did not indi­
cate the presence of ketone, enamine or alcohol. The nmr 
spectrum gave a doublet (2H) at 4.84 ppm indicative of protons 
(a), a singlet (1H) at 3.5 ppm indicative of proton (b), a 
broad singlet (2H) at 2.73 ppm indicative of protons (c) and
a singlet (9H) at 0.89 indicative of the _t-butyl group (see
28
page 17 for structure) [a] D +57.7° (£ 29.55, ethanol).
Anal. Calcd for C^H^NO: C, 75.89; H, 11.47; N, 5.90.
FoundWS: C, 75.57; H, 11.49; N, 6.36.
4-t-Butylcyclohexanone: N,a-Dimethyl Phenethylamine Enamine 
(XLVI)
To 18 g (0.12 mole) of 4-t^-butylcyclohexanone (X) was 
added 29 g (0.21 mole) of N,a-dimethyl phenethylamine and 150 
ml of benzene. The reaction mixture was heated under reflux 
for a period of 82 hr to yield 4.1 ml of water. The solvent 
was removed under reduced pressure, and the residue was dis­
tilled to yield 28.6 g (84%) of enamine XLVI, bp 142-143° at
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
47
0.5 mm, [a] D +46.66°, (£ 10.18, hexane). The infrared
spectrum (see Fig. 29) gave a band at 1630 cm indicative
of the enamine double bond system and bands at 3030, 1600,
-1
1500 and 790 cm indicative of the aromatic portion of the 
molecule. The nmr spectrum gave a multiplet (5H) at 6.95 
ppm indicative of the aromatic protons, a broad singlet (1H) 
at 4.31 ppm indicative of the enamine vinyl proton, a singlet 
(3H) at 2.24 ppm indicative of the N-CH^ group and a singlet 
(9H) at 0.71 ppm indicative of the t^-butyl group.
Anal. Calcd for C ^ H ^ N :  C, 84.15; H, 10.95; N, 4.91.
— . ZU jI
Found : C, 84.35; H, 11.30; N, 4.80.
REACTIONS OF ENAMINES
Procedure using benzene as solvent., (p
The reactant (0.01 mole) was added, over a 0.5 hr 
period, to 0.01 mole of enamine using a pressure equalizing 
dropping funnel. The reaction was allowed to stir overnight 
at room temperature. The reaction was hydrolyzed by the 
addition of 20 ml of a 5% hydrochloric acid solution and 
stirred for 2 hr. The acidic mixture was extracted several 
times with ether to remove any non-basic material, and the 
remaining acidic portion was neutralized with potassium car­
bonate and extracted with ether. An alternate method of 
hydrolysis that was used in some cases was the addition of 
water to the reaction mixture followed by a 2 hr reflux period. 
The reaction mixture was extracted with ether, was washed with 
a 5% solution of hydrochloric acid, a 5% solution of sodium 
carbonate and water, and was dried. The solvent was removed 
under reduced pressure, and the residue was distilled.
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Other solvent systems (2)
Dioxane and acetonitrile have been found useful as 
reaction media for enamines. The general procedure is the 
same as in procedure 1 using water for hydrolysis. After 
hydrolysis the reaction mixture was concentrated before 
ether extraction. In the case of acetonitrile, the reaction 
mixture was concentrated before hydrolysis with water.
Procedure for reactions without solvent (3)
A large excess of reactant was added to the enamine 
without solvent until solution was attained. The reaction 
mixture was allowed to stir for 48 hr either with or without 
heat. The reaction was followed in the infrared spectrum by 
the disappearance of the characteristic enamine band at 1620 
cm \  When the infrared spectrum indicated that the reaction 
was completed, hydrolysis of the mixture was accomplished 
either by the use of hydrochloric or water as before. The 
isolation of the product was accomplished in the same manner 
as above.
l-Methyl-4-piperidone: pyrrolidine enamine (II)
Using procedures 1 and 3, the enamine was allowed to 
react with the following reagents: pyridine N-oxide, benzoqui- 
none, allyl chloride, methyl iodide and benzyl chloride. The 
reaction conditions were varied and no isolable products were 
obtained. The products obtained were oils, and the oils were 
mixtures as determined by vapor phase chromatography.
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Using procedures 1 and 3, the enamine was allowed to 
react with the following reagents: pyridine N-oxide, benzo- 
quinone, allyl chloride and benzyl chloride with the same 
results obtained using the pyrrolidine enamine II.
The morpholine enamine III was treated with sulphur 
according to procedure 3 in an attempt to prepare 1-methyl-3- 
piperidone. The reaction mixture was heated on a steam cone 
for 0.4 hr. At that time 15 ml of 12 N hydrochloric acid was 
added and the reaction mixture was stirred magnetically at 
room temperature for 12 hr. The acidic solution was neutra­
lized with sodium carbonate, extracted with ether and dried, 
and the solvent was removed under reduced pressure. By com­
parison to known samples, gas chromatography indicated that 
17% of l-methyl-2-piperidone had been formed in the reaction 
but there was no indication that 1-methyl-3-piperidone was 
present. The conditions were varied using differing amounts 
of heat and reactants but the conversion of l-methyl-4-piperi- 
done to 1-methyl-3-piperidone under Willgerodt reaction con­
ditions did not occur; however, the reaction did lead to 1- 
methyl-2-piperidone, the most stable oxo-piperidine.
1-Methyl-2,6-diphenyl-4-piperidone: morpholine enamine (IV)
Using procedures 1 and 3, the enamine IV was allowed 
to react with the following compounds: benzyl bromide, allyl 
bromide, ethyl chloroformate, dibenzal acetone and acrylo- 
nitrile. In each of these reactions and in all but one case,
1-methyl-2,6-diphenyl-4-piperidone (V) was recovered in more 
than 60%. yield after hydrolysis. The failure to obtain signi­
ficant reactions from this ketone substrate made the use of a 
carbocyclic substrate necessary.
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4-t^-Butylcyclohexanone: morpholine enamine (XIV)
1. Acrylonitrile
The enamine XIV was allowed to react with acrylo­
nitrile using procedure 2 and was heated under reflux for 
17 hr. At the end of this time 10 ml of water was added, 
and the heating was continued for an additional 3 hr. The 
reaction yielded 1.6 g (80%) of 2-(p-cyanoethyl)-4-jt-butyl- 
cyclohexanone, bp 201-203° at 9 mm. The infrared spectrum 
(see Fig. 23) gave a band at 2250 cm indicative of the 
cyano group and a band at 1710 cm indicative of the ketone 
function. The nmr spectrum gave a multiplet (2H) at 2.75 ppm 
indicative of the protons next to the cyano group and a sing­
let (9H) at 0.84 ppm indicative of the _t-butyl group.
Anal. Calcd for C ^ H ^ N O :  C, 75.31; H, 10.21.
Found™: C, 75.22; H, 9.85.
The enamine XIV was allowed to react with acrylonitrile 
in chloroform, without heat, for 24 hr. A precipitate formed
which upon addition of water, disappeared. The reaction mix­
ture was treated with 5% hydrochloric acid and extracted with 
chloroform. The chloroform extracts were concentrated and 
treated with acetone to yield a white precipitate which was 
collected by filtration. The white solid was recrystallized 
from chloroform-acetone to yield 10.5 g (82%) of 1-morpholine- 
4-_t-butyl-8-cyano-bicyclo (4:2:0) octane hydrochloride, mp 189-
190°. The infrared spectrum (see Fig. 24) gave a band at 2450
-1 -1cm indicative of the nitrogen salt and a band at 2250 cm
indicative of the cyano group. The nmr spectrum gave a multi­
plet (4H) at 4.4 ppm indicative of the protons on the carbons 
adjacent to oxygen, a broad singlet (4H) at 3.17 ppm indicative 
of the protons adjacent to nitrogen and a singlet (9H) at 0.89 
ppm indicative of the _t-butyl group.
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Anal. Calcd for C-..HLJKLOCl: C, 65.25; H, 9.34.
FM “
Found : C, 65.10; H, 9.46.
2. Benzyl Bromide
Benzyl bromide was added dropwise to a dioxane solu­
tion of enamine XIV and the reaction was run according to 
procedure 2. The reaction was heated under reflux for 17 hr 
at which time 10 ml of water was added and heating was con­
tinued for an additional hour. The reaction yielded 8 g
(68%,) of 2-benzyl-4-_t-butylcyclohexanone (XLI) , bp 225-227°
18
at 9 mm; lit. bp 100° at 0.01 mm. The infrared spectrum 
(see Fig. 25) gave a band at 1720 cm  ^ indicative of the 
ketone function and aromatic bands at 3030, 1600, 1500, 780 
and 710 cm . The nmr spectrum gave a singlet (5H) at 6.97 
indicative of the aromatic protons, a doublet (2H) at 3.19 
indicative of the benzylic protons and a singlet (9H) at 0.81 
indicative of the _t-butyl group.
4-jt-Butylcyclohexanone: 2 (S) -isopropyl-5 (R) -methylhexamethyl-
enimine enamine XLIV
1. Acrylonitrile
To a solution of 9.5 g (0.034 mole) of enamine XLIV 
in 40 ml of dioxane was added 2.2 g (0.04 mole) of acrylo­
nitrile and the mixture was allowed to react according to
procedure 2 to yield 4.5 g (78%) of 2-(p-cyanoethyl)-4-_t-
28
butylcyclohexanone (XXXIX), bp 202-203° at 9 mm, [a] D -11.7°
M p>OH
(£ 10, methanol), 265 mu, e = 35. The infrared spectrum
(see Fig. 23) and the nmr spectrum were identical to those ob­
tained for the optically inactive compound.
The 2,4-dinitrophenylhydrazone of 2-(p-cyanoethyl)-4- 
t-butylcyclohexanone (XXXIX) was prepared by the usual method^
and recrystallized to a constant melting point of 172.5 to 173°
23
from 95% ethanol, [a] D -86.53° (£ 0.980, chloroform).
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Anal. Calcd for CinH o_Nc0,: C, 58.90; H, 6.50; N, 18.08.
= —  19 25 5 4
Found : C, 58.65; H, 6.52; N, 17.8.
2. Benzyl bromide
To a solution of 9.5 g (0.034 mole) of enamine XLIV 
in 40 ml of dioxane was added 5.7 g (0.04 mole) of benzyl 
bromide and the mixture was allowed to react according to pro­
cedure 2 to yield 4.8 g (58%) of 2-benzyl-4-_t-butylcyclohex-
1 8
anone (XLI), bp 225-227° at 9 mm; lit. bp 100° at 0.01 mm),
23 MeOH
[a] D -15.6° (£ 2.05, methanol), X 258 mu, e = 840,
M pOH max
^max m u, e = 9,500. The infrared spectrum (see Fig. 25)
and the nmr spectrum were identical to those previously ob­
tained for the optically inactive compound.
The 2,4-dinitrophenylhydrazone of 2 -benzyl-4-t:-butyl-
57cyclohexanone (XLI) was prepared by the usual method and 
recrystallized to a constant melting point of 204 to 205° from 
95% ethanol, [a] ^  D +34° (C 0.954, chloroform).
Anal. Calcd for C23H28N4°4: C ’ 65‘08; H ’ 6,65j N ’ 13-20-
Found™: C, 65.45; H, 6.75; N, 13.20.
3. Allyl bromide
To a solution of 9.5 g (0.034 mole) of enamine XLIV 
in 40 ml of acetonitrile was added, dropwise, 4.84 g (0.04 
mole) of allyl bromide. The reaction was conducted under 
nitrogen according to procedure 2 to yield 4.1 g (62%) of 2- 
allyl-4-t^-butylcyclohexanone (XLII), bp 118-120° at 9 mm; lit 
bp 120° at 10 mm, [a] ^  D -2.9° ( £ 6 .6 , methanol), 262 mu,
e = 145. The infrared spectrum (see Fig. 26) gave a band at 
1710 cm ^ indicative of the ketone function and bands at 3010, 
1650 and 920 cm  ^ indicative of the -RCH^CI^ system. The nmr 
gave a multiplet (1H) at 5.71 indicative of proton (a), a 
multiplet (2H) at 4.86 indicative of protons (b) and a singlet 
(9H) at 0.74 indicative of the £-butyl group.
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Anal. Calcd for C ^ H ^ O :  C, 80.35; H, 11.41. Found™:
C, 80.42; H, 11.54.
The 2,4-dinitrophenylhydrazone was prepared by the 
usual procedure57 and recrystallized to a constant melting 
point of 110 to 110.5° from 95% ethanol, [a] 27 D +14.5°
(C 0.826, chloroform).
Anal. Calcd for C1QH9fiN,0,: C, 60.94; H, 7.00; N, 14.97
FM
Found : C, 61.15; H, 6.90; N, 14.55.
4-t_-Butylcyclohexanone: 2-methylpyrrolidine enamine XLV
To 8 g (0.03 mole) of enamine XLV in 40 ml of dioxane 
was added 5.3 g (0.035 mole) of benzyl bromide. The reaction 
was conducted according to procedure 2 to yield 4.4 g (60%) 
of 2-benzyl-4-_t-butylcyclohexanone XLI, bp 142° at 0.06 mm; 
lit . 15 100° at 0.01 mm, [a] 27 D -7.35°(C 10.208, hexane). The 
infrared spectrum (see Fig. 25) and the nmr spectrum were 
identical with those obtained previously for XLI.
4-_t-Butylcyclohexanone: N-a-dimethyl phenethylamine enamine
XLVI
1. Acrylonitrile
To 14.25 g (0.05 mole) of enamine XLVI in 40 ml of
dioxane was added 2.65 g (0.05 mole, 3.3 ml) of acrylonitrile
and the mixture was allowed to react according to procedure 2
to yield 7.4 g (72%) of 2-(p-cyanoethyl)-4-t-butylcyclohexanone
24
XXXIX, bp 145-147° at 0.6 mm, [a] D +3.0° (C 10.88, hexane). 
The infrared spectrum (see Fig. 23) and the nmr spectrum were 
the same as those obtained previously for XXXIX.
2. Benzyl bromide
To 14.25 g (0.05 mole) of enamine XLVI in 40 ml of
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dioxane was added 8.55 g (0.05 mole, 6 ml) of benzyl bromide
and the mixture was allowed to react according to procedure 2
to yield 6.3 g (52%) of 2-benzyl-4-£-butylcyclohexanone XLI, 
bp 166-168° at 0.6 mm, [a]^ D +1.9° (C 11.19, hexane). The 
infrared spectrum (see Fig. 25) and the nmr spectrum were 
identical to those obtained previously for XLI.
3. Allyl bromide
To 14.25 g (0.05 mole) of enamine XLVI in 40 ml of
dioxane was added 5.95 g (0.05 mole, 4.3 ml) of allyl bromide.
The reaction was conducted under nitrogen according to pro­
cedure 2 to yield 5.8 g (60%) of 2-allyl-4-jt-butylcyclohex- 
anone XLII, bp 132-134° at 20 mm; lit.^ bp 120° at 10 mm,
[a]^ D +1.7°, (£10.9, hexane). The infrared spectrum (see 
Fig. 26) and the nmr spectrum were identical to those obtained 
previously for XLII.
Equilibration of Optically Active Ketones
To a solution of 10 ml of methanol, 5 ml of water and
5 ml of morpholine was added 2.5 g (0.01 mole) of 2-benzyl-4-
o /
t-butylcyclohexanone XLI, [a] D +1.9°, (£ 11.9, hexane). The 
mixture was heated under reflux for a period of 24 hr. The 
reaction mixture was concentrated and the ketone was extracted 
into ether, dried and the ether was removed under reduced 
pressure to yield 1.9 g (0.0078 mole)(76.5%) of ketone XLI,
[a]^ D +1.72°, (£9.3, hexane).
Circular Dichroism Curves
The circular dichroism curves were determined for the 
seven optically active ketones obtained from the alkylation of 
the corresponding optically active enamines. The extracted 
data from three consecutive runs are in the tabulated charts
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
that follow. The values for the molecular ellipticity have 
been plotted against wavelength (see Fig. 33,34,35). The solvent 
used for each ketone has been indicated on the tabulated chart 
for that compound.
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Table I. Circular Dichroism data obtained from three inde-
_ 3









350 .218 0 0 719.4 0 0
340 .255 0 0 839.9 0 0
330 .327 0 0 1079.1 0 0
320 .327 .109 .036 1079.1 359.7 118.8
310 .345 .145 .091 1139.8 539.9 299.9
300 .400 .218 .164 1320.0 719.4 539.9
290 .418 .255 .200 1379.7 839.9 660.0
280 .479 .273 .273 1560.9 899.9 899.9
270 .491 .309 .309 1619.9 1019.7 1019.7
269 .491 .327 .327 1619.9 1079.1 1079.1
268 .491 .327 .327 1619.9 1079.1 1079.1
267 .491 .327 .345 1619.9 1079.1 1139.8
266 .509 .327 .345 1679.7 1079.1 1139.8
265 .509 .345 .364 1679.7 1139.8 1201.2
264 .509 .345 .364 1679.7 1139.8 1201.2
263 .527 .345 .364 1739.1 1139.8 1201.2
262 .527 .364 .382 1739.1 1201.2 1260.6
261 .527 .364 .382 1739.1 1201.2 1260.6
260 .473 .309 .309 1560.9 1019.7 1019.7
255 .345 .200 .200 1139.3 660.0 660.0
250 .200 .145 .055 660.0 478.5 118.5
245 .109 .091 9 359.7 299.9 0
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Table II. Circular Dichroism data obtained from three inde-







350 0 0 0 0 0 0
340 0 0 0 0 0 0
330 0 0 0 0 0 0
320 0 0 .0333 0 0 109.89
310 .0333 0 .0583 109.89 c 192.39
300 .0916 .0333 .1000 302.28 109.89 330.00
290 .1166 .0916 .1250 384.78 302.28 412.50
280 .1333 .1166 .1416 439.81 384.78 467.28
270 .1666 .1333 .1666 549.78 439.89 549.78
269 .1666 .1250 . 1666 549.78 412.50 549.78
268 .1666 .1416 .1750 549.78 467.28 577.50
267 .1750 .1416 .1833 577.50 467.28 604.89
266 .1750 .1500 .1916 577.50 495.00 632.28
265 .1916 .1666 .2083 632.28 549.78 687.39
264 .2166 .1750 .2166 714.78 577.50 714.78
263 .2250 .2000 .2333 742.50 660.00 769.89
262 .2416 .2166 .2416 797.28 714.78 797.28
261 .2500 .2416 .2416 825.00 797.28 792.28
260 .2333 .2250 .2416 769.89 747.50 797.28
259 .2166 .2166 .2333 714.78 714,78 769.89
258 .2083 .2000 .2333 687.39 660.00 769.89
257 .2083 .2000 .2250 687.39 660.00 742.50
256 .2000 .1750 .2083 660.00 577.50 687.39
255 .1833 .1750 .2000 604.89 577.50 660.00
250 .1750 .1666 .2000 577.50 549.78 660.00




* I II III I II III
245 .1666 .1583 .1.916 549.78 522.39 632.28
240 .1583 .1500 .1750 522.39 495.00 577.50
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Table III. Circular Dichroism data obtained from three
_3








350 0 0 0 0 0 0
340 0 0 0 0 0 0
330 0 0 0 0 0 0
320 .1541 0 .0420 343.53 0 138.60
310 .2500 .0420 .1250 825.00 138.60 412.50
300 .2916 .2290 .2290 962.28 744.70 744.70
290 .3541 .2700 .2196 1168.53 891.0 962.28
280 .3958 .2196 .3175 1306.14 962.28 1031.25
270 .4166 .3541 .3333 1374.78 1168.53 1099.89
269 .4375 .3541 .3541 1443.75 1168.53 1168.53
268 .4375 .3541 .3750 1443.75 1168.53 1237.50
267 .4375 .3541 .3750 1443.75 1168.53 1237.50
266 .4375 .3750 .3948 1443.75 1237.50 1306.14
265 .4585 .3958 .3958 1512,39 1306.14 1306.14
264 .4585 .3958 .3958 1512.39 1306.14 1306.14
263 .4585 .4166 .4166 1512.39 1374.78 1374.78
262 .5000 .4166 .4375 1650.00 1374.78 1443.75
261 .5000 .4166 .4375 1650.00 1374.78 1443.75
260 .5416 .4375 .4585 1787.28 1443.75 1512.39
259 .5625 .4375 .4585 1856.25 1443.75 1512.39
258 .5416 .4375 .4585 1787.28 1443.75 " 1512.39
257 .5416 .4166 .4375 1787.28 1374.78 1443.75
256 .5416 .4166 .4166 1787.28 1374.78 1374.78








II III I II III
255 .5208 .3958 .3958 1718.64 1306.14 1306.14
250 .5208 .3958 .3958 1718.64 1306.14 1306.14
245 .5416 .3541 .3333 1787.28 1168.53 1099.89
240 .5000 .3175 .3175 1650.00 1031.25 1031.25
235 .4585 .3333 .3175 1512.39 1099.89 1031.25
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Table IV. Circular Dichroism data obtained from three inde-










350 0 0 0 0 0 0
340 0 0 .0147 0 0 48.51
330 .0088 .0188 .0176 29.11 38.81 58.21
320 .0118 .0147 .0265 38.81 48.51 87.35
310 .0206 .0176 .0294 67.91 58.21 97.05
300 .0294 .0265 .0353 97.05 87.35 116.46
290 .0441 .0294 .0412 145.56 97.05 135.86
280 .0529 .0471 .0529 174.70 155.27 174.70
270 .0559 .0500 .0559 184.40 165.00 184.40
269 .0559 .0500 .0618 184.40 165.00 203.81
268 .0559 .0529 .0647 184.40 174.70 213.51
267 .0588 .0529 .0647 194.11 174.70 213.51
266 .0618 .0559 .0676 203.81 184.40 223.21
265 .0618 .0618 .0676 203.81 203.81 223.21
264 .0706 .0618 .0706 232.91 203.81 232.91
263 .0618 .0647 .0676 203.81 213.51 223.21
262 .0647 .0647 .0706 213.51 213.51 232.91
261 .0676 .0647 .0735 223.21 213.51 242.62
260 .0706 .0676 .0735 232.91 223.21 242.62
259 .0706 .0735 .0794 232.91 242.62 262.05
258 .0706 .0706 .0735 232.91 232.91 242.62
257 .0647 .0618 .0676: 213.51 203.81 223.21
256 .0559 .0588 .0647 184.40 194.11 213.51
255 .0559 .0529 .0529 184.40 174.70 174.70




I II III I II III
250 .0529 .0441 .0441 174.70 145.56 145.56
245 .0412 .0412 .0441 145.56 135.86 145.56
240 .0412 .0412 .0353 135.86 135.86 116.46
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Table V. Circular Dichroism data obtained from three inde-
_ 3
pendent runs, £  = 9.5 x 10 (Methanol). 2 (S)-isopropyl- 







350 0 0 0 0 0 0
340 0 0 .0421 0 0 138.
330 .021 0 .0526 69.30 0 173.
320 .0631 .021 .0631 208.23 69.30 208.
310 .1157 .0842 .1473 381.81 277.86 486.
300 .1578 .1368 .1684 520.74 451.44 555.
290 .1684 .1578 .2210 555.72 520.74 729.
280 .2000 .2210 .2526 660.00 729.30 833.
270 .2526 .2526 .2736 833.58 833.58 920.
269 .2736 .2631 .2842 920.88 868.23 937.
268 .2736 .2631 .2842 920.88 868.23 937.
267 .2842 .2631 .2842 937.86 868.23 937.
266 .2947 .2736 .2947 972.51 902.88 972.
265 .2842 .2736 .2947 937.86 902.88 972.
264 .2942 .2842 .3052 972.51 937:86 1007.
263 .3157 .2842 .3368 1041.81 937.86 1111.
262 .3052 .2842 .3157 1007.16 937.86 1041.
261 .2842 .2736 .3157 937.86 902.88 1041.
260 .2842 .2631 .3052 937.86 868.23 1007.
259 .2842 .2526 .2947 937.86 833.58 972.
258 .2631 .2421 .2842 8868.23 798.93 937.
257 .2526 .2421 .2842 833.58 798.93 937.
256 .2421 .2315 .2631 833.58 763.95 868.
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.2210 .2210 .2526 729.30 729.30 833.58
.2000 .2000 .221 729.30 660.00 729.30
.2000 660.00 660.00
65
Table VI. Circular Dichroism data obtained from three inde-
_2
peridefit runs, c = 4.8 x 10 (Hexane). N,a-Dimethyl Phen­
ethylamine enamine. o








350 0 0 .0208 0 0 68.64
340 0 0 .0229 0 0 75.57
330 0 .0104 .0291 0 34.32 96.03
320 .0375 .0291 .0375 123.75 96.03 123.75
310 .0437 .0458 .0416 144.21 151.14 137.28
300 .0087 .0604 .0437 226.71 199.32 144.21
290 .0708 .0708 .0458 233.64 223.64 151.14
280 .0791 .0838 .'0479 261.03 274.89 158.07
279 .0791 .0871 .0541 261.03 288.75 178.53
278 .0791 .0895 .0541 261.03 295.35 178.53
277 .0812 .0916 .0562 267.96 302.28 185.46
276 .0812 .0916 .0562 267.96 302.28 185.46
275 .0812 .0916 .0583 267.96 302.28 192.39
274 .0791 .0979 .0583 261.03 323.07 192.39
273 .0871 .0937 .0625 288.75 309.21 206.25
272 .0833 .0871 .0583 274.89 288.75 192.39
271 .0729 .0854 .0541 249.57 281.82 178.53
270 .0687 .0833 .0520 226.71 274.89 171.60
269 .0604 .0833 .0520 199.32 274.89 171.60
268 .0583 .0854 .0479 192.39 281.02 158.07
267 .0541 .0854 .0500 178.53 281.02 165.00
266 .0541 .0833 .0500 178.53 274.89 165.00
265 .0500 .0812 .0479 165.00 274.89 158.07
260 .0500 .0770 .0479 165.00 254.1 158.07
255 .0479 .0750 .0437 158.07 247.5 144.21
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
SUMMARY
It was found that optical activity could be induced 
into the symmetrical 4-_t-butylcyclohexanone substrate by 
alkylation of an optically active enamine intermediate. The 
absolute configuration of the resulting 2-substituted 4-jt- 
butylcyclohexanone products was determined by circular di­
chroism and correlated with known compounds. From the 
stereochemistry of the amine used in the synthesis of the 
optically active enamines, a method was proposed for pre­
dicting the absolute'configuration of the ketone products 
obtained.
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A P P E N D IX
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NOMENCLATURE
At present there exists no standard procedure for the
naming of enamines, the following describes the Chemical Ab­
stracts nomenclature system and illustrates the system employed 
in the body of this thesis. The first name given will be that 
adapted from strict Chemical Abstracts definition and the next 
the name used in the thesis plus a typical reference.
l-methyl-4-pyrrolidino-1,2,5,6-tetrahydropyridine




1-me thy1-4-mo rpho1ino-1 ,2,5 ,6-tet rahydropy ridine 
the morpholine enamine of l-methyl-4-piperidone 
l-methyl-4-piperidone: morpholine enamine
3








1 -mo rpho 1 ino -4-t_-but y ley c lohexene
the morpholine enamine of 4-_t-butylcyclohexanone
4-t-butylcyclohexanone: morpholine enamine
C(CH3)3
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
72






1- (2-methylpyrrolidino-) 4-JL-butylcyclo- 
hexene









1-(N ,a-dimethyl phenethylamino-) 4-_t- 
butylcyclohexene
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Fig. 33 The Circular Dichroism Curves of
2 (R) -allyl-4(R) -J:-butylcyclohexanone
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Fig. 34 The Circular Dichro.ism Curve of 
a) 2 (R)-(p-cyanoethyl)-4(R)-t> 
butylcyclohexanone and b) 2(S)- 
(p-cyanoethyl) -4 (S) -jt-butyl- 
cyclohexanone
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Fig. 35 The Circular Dichroism Curves of 
a) 2 (S)-benzyl-4(R) -jr-butylcyclo- 
hexanone and b) 2(R)-benzyl-4(S)- 
t-butylcyclohexanone
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